Vicingus serpentipes gen. nov., sp. nov., a new member of the Flavobacteriales from the North Sea 
The order Flavobacteriales (phylum Bacteroidetes) currently contains four validly described families, two of which (Cryomorphaceae and Flavobacteriaceae) are primarily distributed in marine environments. Recently, the Cryomorphaceae was subdivided into Cryomorphaceae and the proposed family 'Crocinitomicaceae' [1] . Together they comprise 10 genera and 15 species, most of which are psychrotolerant. With the exception of the genus Fluviicola (Fluviicola hefeinensis, Fluviicola taffensis), which was isolated from fresh water, all other species originated from marine habitats, i.e. Brumimicrobium glaciale (sea ice algal assemblage, Ellis Fjord, Antarctica), Brumicrobium mesophilum (tidal flat, Yellow Sea, Korea), Crocinitomix (=Microscilla= Flexibacter) catalasitica (frozen sand of the upper littoral zone of Auke Bay, Alaska, USA), Crocinitomix algicola (marine algae Gracilaria blodgetti, coast of Hainan, China), Cryomorpha ignava (quartz stone sublith, Vestfold Hills, Antarctica), Lishizhenia caseinilytica (tank storing sand-filtered seawater, coast of Hong Kong, China), Lishizhenia tianjinensis (coastal seawater sample, Tianjin, China), Luteibaculum oceani (surface seawater, Kending, Taiwan), Owenweeksia hongkongensis (tank storing sand-filtered seawater, coast of Hong Kong, China), Phaeocystidibacter luteus (cultured marine alga Phaeocystis globosa), Phaeocystidibacter marisrubi (sediment, Red Sea), Salinirepens amamiensis (seawater, Ura on the island of Amami Oshima, East China Sea), and Wandonia haliotis (aquaculture of the abalone Haliotis discus in seawater off the southern coast of Wando, South Korea) [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Cultureindependent studies, however, suggest that the family is also present within a wide range of other marine and terrestrial non-extreme ecosystems across tropical to polar regions [15] . The AGG58 cluster -containing clones that are often abundant in marine aggregates [16] -forms a clade within the family Cryomorphaceae [17] and draft genomes reconstructed for bacteria aggregated with Phaeocystis antarctica in the Amundsen Sea polynya (West Antarctica) suggest that Cryomorphaceae participate in phytoplankton bloom demise and decomposition [18] . A role of Cryomorphaceae in the remineralization of decaying organic biomass is also suggested by their growth factor requirements, which are often complex [19] . Most Cryomorphaceae possess proteinases and esterases, but nonetheless they have a limited catabolic versatility and seem to rely mostly on simple organic acids and amino acids for growth [15] . Correspondingly, members of this family are generally found in locations relatively rich in organic carbon or subject to eutrophication [20, 21] . Phylogenetic surveys of marine ecosystems generally suggest that Cryomorphaceae are much less numerous than members of the sister clade Flavobacteriaceae and it is not yet clear whether this pattern is due to ecological niche specialization or a consequence of evolutionary processes [19] . Both families together often dominate tidal flat sediments in general and also in the Wadden Sea [22, 23] , where they reach particularly high abundances in the uppermost layers [24] . Nonetheless, Cryomorphaceae seemingly belong to the more rare components of this community [25] . ), and stored as described by Saha et al. [26] . DNA extraction, amplification of the 16S rRNA gene sequence and sequencing procedure were performed according to Saha et al. [26] .
Strain
Cells from a liquid culture of ANORD5 T in MB under shaking conditions for 20 h at 28 C and 160 rpm were used for Gram-stain, applying Colour Gram 2 (bioM erieux Deutschland GmbH, Nürtingen, Germany) according to the manufacturer's instructions. Motility was studied by light microscopic investigation. The cell morphology was examined using light and scanning electron microscopy. For scanning electron microscopy, strain ANORD5
T was grown for 3 days in liquid MB at 28 C on a rotary shaker at 120 rpm, followed by fixation with formaldehyde (1 % final concentration) and subsequently filtration through a 0.2 µm polycarbonate filter (Sarstedt, Nümbrecht, Germany). The filters were dehydrated by an ascending ethanol series (50 %, 70 %, 90 % and three times 100 % for 10 min each) [27] , critical-point dried with carbon dioxide and sputtercoated with Au/Pb. Finally the samples were examined with a Zeiss DSM 940 scanning electron microscope.
Colonies grown on solid MB medium for 3 days at 28 C are intensely yellow, smooth, tough and slimy, convex, and translucent with an entire margin. The diameter of the colonies was 1-2 mm. Cells obtained from these colonies were Gram-negative short rods ranging from 1.0 to 1.5 µm in length and from 0.5 to 0.8 µm in width and showed gliding motility. Coccoid cells of varying width were also observed. Cells cultured in liquid MB medium and studied with SEM were rods from 1.2 to 2.2 µm in length and 0.4 to 0.5 µm in width, and also coccoid cells of width 0.2 to 0.8 µm (Fig. 1) . The presence of coccoid cells was also observed by Lau et al. [4] after cultivation of Owenweeksia hongkongensis UST20020801
T on YP-SW broth incubated at 4 C or room temperature for 1 week. O. hongkongensis showed cells with one or both ends, or the whole body, greatly enlarged. Cells of ANORD5
T were connected with a net of slime threads (Fig. 1) .
Growth responses to temperature and pH variation were tested on MB medium for 7 days at 28 C. The temperature for growth ranges from 5 to 30 C with an optimum of 20-30 C. The pH range for growth of the isolate was from pH 6.5 to pH 9.0 with an optimum at 7.0-8.5. Salt-dependent growth was investigated after incubation at 28 C for 7 days on a medium containing 0.5 % peptone, 0.1 % yeast extract, 1.5 % Bacto Agar, and different salt sources, i.e. NaCl, MgCl 2 .6H 2 O, or Tropic Marin ® sea salt (Wartenberg, Germany), respectively, at concentrations from 0 to 7 %.
Growth of ANORD5
T strongly depends on the presence of salts. When NaCl was used as the only salt source, only slight growth was observed at 2 % NaCl. Supplemention of the medium with different concentrations of NaCl and in addition 0.45 % MgCl 2 .6H 2 O revealed growth in the range of 1-2 % NaCl with an optimum at 1.5 % NaCl. No growth was detected with MgCl 2 .6H 2 O as sole salt. The strongest growth-promoting effects were observed using media containing Tropic Marin ® sea salt, with growth in the range of 1-6 % and an optimum at 1 -2 %. The salt response is typical for marine bacteria.
The aerobic oxidation of organic carbon compounds was tested using the API 50 CH system (bioM erieux). Strain ANORD5 T was inoculated in MB and incubated for 20 h at 28 C and 160 rpm. Cells were centrifuged at 8000 g for 10 min, re-suspended in artificial sea water (0.1 % CaCl 2 .2H 2 O, 0.1 % KCl, 0.5 % MgSO 4 .7H 2 O, 0.25 % NaCl) and adjusted to an OD 600nm of 0.8-1.3. This suspension was used as inoculum. Incubation was at 28 C for 96 h. In addition, further physiological characteristics including enzymatic activities were tested using API 20 NE (bioM erieux), which also included the oxidase assay and API ZYM (bio-M erieux) according to the manufacturer's instructions. All tests were run in duplicate. Catalase activity was performed by the method of L anyi [28] . Hydrolysis of starch was proofed on MB solid medium supplemented with 0.5 % T after cultivation on MB liquid medium for 3 days at 28
C. The liquid culture shows rods as well as coccal cells. soluble starch and cultivation for 4 days at 28 C. A clear zone around the colonies after overlaying with Lugol's solution indicated the degradation of starch [28] . Degradation of casein was shown by using MB solid medium supplemented with 1 % casein sodium salt, incubation of the culture for 7 days at 28 C and the presence of a clear zone around colonies.
Strain ANORD5
T grows as a chemoheterotrophic aerobic bacterium in complex media. Details concerning the physiological characteristics of strain ANORD5
T, including substrate utilization and enzyme activities, are given in the species description.
Production of the pigment flexirubin was tested by transferring bacterial material from a 5-day-old culture onto an objective slide, floating with 20 % KOH and a change in the colour from yellow to red, violet or brown [29] . Flexirubin was not observed. Carotenoids were found by the following method. Strain ANORD5
T was cultured in MB medium at 120 rpm for 4 days at 25 C. According to Biebl and Drews [30] the culture was centrifuged and 2 ml of an acetone/ methanol solution (7 : 3) was added. This cell suspension was vortexed, treated with ultrasonic, and centrifuged at 15,000 g. The supernatant was used to measure the absorption spectrum. The spectrum showed a shoulder at 424 nm, a maximum at 450 nm and a second peak at 476 nm, which indicate the presence of carotenoids.
The DNA base composition (G+C content) of strain ANORD5
T was determined by the HPLC method of Mesbah et al. [31] . The profile of the cellular fatty acids was studied using GC analysis according to the Microbial Identification System (MIDI Inc., Delaware, USA) [32] . Determination of the respiratory quinones and polar lipids followed the procedure described by Tindall [33, 34] and Tindall et al. [35] and were carried out by the German Collection of Microorganisms and Cell Cultures (DSMZ GmbH, Braunschweig, Germany).
The DNA G+C content of strain ANORD5 T was 31.0 mol%. The major respiratory quinone was menaquinone 7 (MK-7). The polar lipids were phosphatidylethanolamine, one unidentified lipid, one unidentified aminolipid and two unidentified phospholipids (Fig. S1 , available in the online version of this article). Components of the fatty acid profile are listed in Table 1 . In summary, the dominant fatty acids were iso-pentadecenoic acid (C 15 : 0 iso), making up approximately 41 % of the total fatty acids, and the monounsaturated heptadecenoic acid representing 28 % (C 17 : 1 iso I/ C 17 : 1 anteiso B and C 17 : 1 iso !10c).
Phylogenetic classification was performed with the Naive Bayesian rRNA Classifier of the Ribosomal Database Project (RDP) Release 11 (http://rdp.cme.msu.edu/index.jsp) [36] . For the detailed phylogenetic study bacterial next relatives to strain ANORD5
T were determined by comparison with 16S rRNA gene sequences in the NCBI GenBank and the EMBL databases using BLAST (Basic Local Alignment Search Tool) [37] as well as the RDP tool 'Seqmatch' (http://rdp. cme.msu.edu/seqmatch/seqmatch_intro.jsp), restricted to type strains. All type strains of the Cryomorphaceae, 'Crocinitomicaceae', representatives of the Flavobacteriaceae, and Fluviimonas pallidilutea TQQ6 T as outgroup were selected. In total 28 16S rRNA gene sequences were aligned using CLUSTALx version 2.1 and refined manually using BioEdit [38, 39] . Phylogenetic calculations were performed with MEGA version 7.0.14 [40] . Trees were calculated by the neighbour-joining and maximum-likelihood methods [41, 42] . The evolutionary distances of the neighbour-joining tree were computed using the maximum composite likelihood method [43] and corrected by the Kimura two-parameter nucleotide substitution model using sites corresponding to the 'pairwise deletion' option, respectively, including transition and transversion substitutions and uniform substitution rates. The maximum-likelihood tree was calculated using the Tamura-Nei model [44] . For both trees, codon positions included were 1st+2nd+3rd+non-coding. All positions containing gaps and missing data were eliminated. There were a total of 1305 positions in the final datasets. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches [45] . Sequence similarity values were determined using the 'BLAST 2 SEQUENCES' tool of the NCBI database (http://www.ncbi.nlm.nih.gov/ BLAST/bl2seq/wblast2.cgi) [46] . NJplot was used to draw the phylogenetic trees expressed in the Newick phylogenetic tree format [47] .
T was phylogenetically classified to be a member of the Cryomorphaceae. The similarity of the 16S rRNA gene sequences of ANORD5
T to all known 15 type strains of species assigned to the Cryomorphaceae and to the proposed new family 'Crocinitomicaceae' ranged from 87.1 % to 89.9 % ( Table 2 ). ANORD5
T clustered with Cryomorpha ignava T (87.9 %). This cluster branched with a group consisting of Owenweeksia hongkongensis UST20020801 T (89.9 %), Luteibaculum oceani CC-AMWY-103B T (88.1 %), Phaeocystidibacter luteus PG2S01 T (87.3 %) and Phaeocystidibacter marisrubi G18 T (87.7 %) (Fig. 2) . All other type strains of species of the genera Brumimicrobium, Crocinitomix, Fluviicola, Lishizhenia, Luteibaculum, Salinirepens and Wandonia form a separate branch and were affiliated to 'Crocinitomicaceae'. Based on these results, all species of the Cryomorphaceae and the 'Crocinitomicaceae' are phylogenetically separated from species of the Flavobacteriaceae. Both the neighbour-joining tree (Fig. 2) and the maximum-likelihood tree (data not shown) support these classifications.
T exhibited morphological and physiological features that are characteristic for the family Cryomorphaceae as summarized by Bowmann [15] . Cells are Gram-negative, non-sporulating, rod-shaped and sometimes filamentous. Some members possess a capacity for gliding motility. On agar media colonies are always yellowish-orange to bright orange due to carotenoid and/or flexirubin biosynthesis. Requirements for salts vary between the 
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Hydroxy fatty acids taxa; however, all require organic compounds present in yeast extract and peptone for growth. Most of the Cryomorphaceae degrade complex compounds using hydrolases, esterases and phosphatase enzymes. Most members are either strictly aerobic or facultatively anaerobic and rely on a chemo-organotrophic metabolism. They contain mainly odd-branched fatty acids.
Within the family Cryomorphaceae ANORD5 T can be clearly distinguished from all known species by low similarity values of the 16S rRNA gene sequence, ranging between 87.3 % and 89.9 %, and by the low DNA G+C content of 31 mol% compared to 35-44.6 mol% for all other species (Table 2 ). In addition, strain ANORD5 T could be distinguished from Cryomorpha ignava T , the type species and type genus of the family Cryomorphaceae, by its gliding motility and oxidase activity. Furthermore, strain ANORD5
T exhibited MK-7 in contrast to the closest phylogenetic neighbour Owenweeksia hongkongensis UST20020801
T . Phaeocystidibacter luteus PG2S01 T showed no gliding motility, no oxidase activity and produced MK-6, which was distant from the properties of ANORD5
T . In comparison with ANORD5
T , Wandonia halilotis Haldis-1 T and Fluviicola taffensis RW262 T required no salt for growth and produced flexirubin as well as MK-6. Crocinitomix catalasitica IFO 15977
T and Brumimicrobium glaciale IC156
T differed from ANORD5 T in the lack of oxidase activity. The type strains of the species Brumimicrobium glaciale, Luteibaculum oceani, Lishizhenia caseinilytica and Salinirepens amamiensis exhibited the predominant respiratory quinone MK-6 in contrast to ANORD5
T .
Based on the morphological, physiological and phylogenetic properties (Table 2 ) of strain ANORD5 T it can be distinguished from all other species of Cryomorphaceae and 'Crocinitomicaceae' and is considered a new species and a new genus for which the name Vicingus serpentipes sp. nov. and gen. nov. is proposed.
DESCRIPTION OF VICINGUS GEN. NOV.
Vi.cin¢gus N.L. masc. n. Vicingus, the Viking, seafaring people from northern European countries.
Bacteria of this genus are mesophilic chemoheterotrophic bacteria with a typical marine growth response. Metabolism is strictly aerobic. Cells are rod-shaped, occasionally coccoid. They are motile by means of gliding, Gram-negative, oxidase and catalase positive. The DNA G+C content is as low as 31.0 mol%. The type species is Vicingus serpentipes.
DESCRIPTION OF VICINGUS SERPENTIPES SP. NOV.
Vicingus serpentipes ser.pen¢ti.pes L. n. serpens, serpentis, snake; L. n. pes, pedis, foot; N.L. masc. n. serpentipes, in recognition of its gliding motility.
Cells grown in liquid medium were rods of 1.2-2.2 µm in length and 0.4-0.5 µm in width; coccoid cells of width 0.2-0.8 µm may also be formed. Cells were motile by gliding and produced threads of slime. Growth range is from 5 to 30 C and from pH 6.5 to pH 9.0. Growth optima are at [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] C and at pH 7.0-8.5. The salt response is typical of marine bacteria with growth optima at 1-2 % sea salts (growth range from 1 to 6 % sea salts). Absorption spectra indicate the presence of carotenoids, but flexirubin is absent.
Metabolism is strictly aerobic and chemoheterotrophic, preferably growing in complex media. Galactose, glucose, fructose, maltose, sucrose and trehalose were metabolized. Gelatine, starch and casein were hydrolysed. Enzyme activities were positive for alkaline phosphatase, esterase, T to all known validly described type strains of the Cryomorphaceae, the proposed family 'Crocinitomicaceae' as well as further representatives of the Flavobacteriales. Fluviimonas pallidilutea TQQ6
T was used as outgroup. Bootstrap values (expressed as percentages of 1000 replications) are given at the branches. Bar, evolutionary distance of 0.02.
